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Abstract A radiometric method for screening acetylcholinesterase 
inhibitors has been described. The method is based on the production 
of ['4C]carbon dioxide from the hydrolysis of acetylcholine. The inhibi- 
tory concentration at 50% (ICx) values for several known acetylcholi- 
nesterase inhibitors were in agreement with literature values. The new 
radiometric method is simple, inexpensive, and has the potential for 
automation. 
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Acetylcholinesterase activity and the effect of its in- 
hibitors is measured by the rate of hydrolysis of acetyl- 
choline, its natural substrate (1). The rate of acetylcholine 
hydrolysis can be measured in a variety of ways; the sep- 
aration and quantitation of [14C]acetic acid from [14C]- 
acetylcholine is currently the most commonly used method 
(2-5). However, this method although sensitive and spe- 
cific, requires some manual manipulation (e.g., extraction 
of [ 14C]acetic acid) in measuring acetylcholinesterase ac- 
tivity or in screening compounds exhibiting an inhibitory 
effect. 

In the present report, an alternative radiometric method 
that is simple, fast, and has the potential for automation 
is presented. 

EXPERIMENTAL 

Materials and Methods-Electric eel (1200 U/ml solid) acetylchol- 
inesterasel (acetylcholine acetylhydrolase, EC 3.1.1.7). acetylcholine 
chloride, neostigmine bromide, physostigmine bromide, and decame- 
thonium bromide were obtained from a commercial source2. Phenyltri- 
methylammonium iodide was synthesized by methylation of N,N-di- 
methylaniline with iodomethane and characterized by melting point, el- 
emental analysis, and IR and PMR spectroscopy. d -Tubocurarine 
chloride3 and edrophonium chloride4 were obtained from commercial 
pharmaceutical sources. [WjSodium bicarbonate5 with a specific activity 
of 56 mCi/mmole was diluted with deionized water to a specific concen- 
tration of 1 pCilO.1 ml. All other reagents were of reagent chemical grade 
and commercially available. Twenty-milliliter assay vials6, aluminum 
seals7, and rubber liners8 were obtained from commercial sources. The 
electric eel acetylcholinesterase was diluted in 5 mM NaHC03 buffer (pH 
8.4) to yield a 0.1 Ulpl concentration. This enzyme preparation was 
stable for several days if stored at  -20'. Acetylcholine chloride and the 
various inhibitors were diluted with 5 mM bicarbonate buffer (pH 8.4) 
prior to assay. 

Effect of Acetylcholine Concentration on Acetylcholinesterase 
Activity-The effect of acetylcholine on acetylcholinesterase activity 
was studied by varying the acetylcholine concentration, as all other 
variables were fixed. Acetylcholine standard solutions (4 and 15 mM) 

1 Acetycholinesterase type V-S. Sigma Chemical Co.. St. Louis, Mo. 
2 Sigma Chemical Co., St. Louis, Mo. 
3 Squibb, Princeton, N.J. 
4 Roche, Belvidere, N.J. 
5 Amersham/Searle. Arlington Helghts, Ill. 
6 Arthur H. Thomas, Philadelphia, Pa. 
7 Wheaton, Millville, N.J. 
8 Johnston Laboratories, Cockeysville, Md. 

were made with 5 mM sodium bicarbonate buffer (pH 8.4). To 20-ml w y  
vials, 0.25,0.5, 1,0,2.0, and 3.0 ml of the 4 mM acetylcholine standard 
solution and 1.0, 2.0, 3.0, 4.0, and 5.0 ml of the 15 mM acetylcholine 
standard solution were added. The volume was brought to 5 ml with 5 
mM sodium bicarbonate (pH 8.4). The final pH of vial contents was 8.0. 
This gave a 1-75 pmole of acetylcholine/vial range. All vials were capped 
with aluminum seals, which were fitted with rubber liners, and chilled 
in ice after which 1 pCi (0.1 ml) of [14C]sodium bicarbonate and 10 pliters 
of acetylcholinesterase (1 U) were injeqted. Incubation was carried out 
a t  37O for 30 min. After incubation vials were chilled in ice water prior 
to measuring [14C]carbon dioxide production. Figure 1 represents the 
effect of increasing concentration of acetylcholine on acetylcholinesterase 
activity. 

An acetylcholinesterase activity uersus time curve was obtained to 
check for linearity. To four 20-ml assay vials, 2 ml of a 30 mM acetyl- 
choline solution was added and volume made up to 5 ml withd mM so- 
dium bicarbonate buffer (pH 8.4). One unit of actylcholinesterase and 
1 pCi of [14C]sodium bicarbonate were used. Test vials were incubated 
a t  37O for 15-min intervals after which they were chilled in ice and the 
[ 14C]carbon dioxide was pleasured (Fig. 2). 
In Vitro Inhibition of Acetylcholinesterase-To screen each of the 

known acetylcholinesterase inhibitors, the following experiment was 
performed. 

Control Vials-To 2 ml of a 30 mM acetylcholine chloride solution, 
3 ml of a 5 mM bicarbonate buffer (pH 8.4) waS added to make a volume 
of 5 ml. 

Test Vials-To test for the inhibitory effect of the various compounds, 
a series of vials containing the same amount of acetylcholine as the con- 
trols with varying concentrations of inhibitor were prepared and the 
volume made up to 5 ml with 5 mM bicarbonate buffer (pH 8.4). All vials 
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Figure 1-Representatiue graph of the relationship between acetyl-  
cholikesterase actioity ([14C]carbon dioxide production) and uarying 
concentrations of acetylcholine. One microcurie of [14C]sodium bi- 
carbongte and I U of electric eel acetylcholinesterase were used. Incu- 
bation was done at  37' for 30 min. 
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Table I-Inhibitory Potency of Known Acetylcholinesterase 
Inhibitors as Ranked by the Radiometric Method 

IC50 Value 
Compound Radiometric, M Literature, M 

Phenyltrimethylammonium 2.7 X lo-“ 4.4 x 10-4 (9) 

d-Tubocurarine Chloride 1.1 x 10-4 9.0 x 10-4 (10) 
Decamethonium Bromide 3.6 X 2.5 x 10-5 (11) 

Edrophonium Chloride 1.9 x 10-6 1.3 x 10-5 (13) 
Physostigmine Chloride 2.5 x 10-6-10-8 (9) 

Iodide 

Neostigmine Bromide 6.6 X 3.0 X (12) 
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were capped with aluminum seals, which were fitted with rubber liners, 
and chilled in ice. One microcurie of I4C-labeled sodium bicarbonate 
followed by 1 U (10 pl) of electric eel acetylcholinesterase were in- 
jected into each vial. Appropriate blanks (i.e., background) to account 
for nonenzymatic hydrolysis of acetylcholine were prepared. The back- 
ground vials contained all ingredients as test and control vials with the 
exception that no enzyme was added, thus, measuring nonenzymatically 
hydrolyzed acetylcholine. All vials were incubated at 37O for 30 min. The 
concentration of inhibitor which reduced the control value by 50% was 
defined as inhibitory concentration 50% (ICsoJ. This value was deter- 
mined from the net [14C]carbon dioxide production versus inhibitor 
concentration curve (Fig. 3). 

Measurement of [ 14C]Carbon Dioxide Produced-The amount 
of [14C]carbon dioxide generated was quantified using a bacteriological 
detection systems which contained an ionization chamber. [14C]Carbon 
dioxide activity was expressed as metabolic index units (miu.), where 100 
miu. equals 0.031 pCi of [14C]carbon dioxide. This instrument is widely 
used in clinical laboratories as well as in industry. Technical details have 
been described elsewhere (6,7). 
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RESULTS AND DISCUSSION 

A new and simple radiometric method was developed to screen po- 
tential acetylcholinesterase inhibitors. This technique is based on the 
hydrolysis of acetylcholine by acetylcholinesterase to acetic acid and 
choline. The acetic acid formed from the enzymatic hydrolysis of acet- 
ylcholine reacts with [14C]sodium bicarbonate to generate [‘4C]carbon 
dioxide, which is measured using the ionization chamber system. The 
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Figure %-Representative graph of electric eel acetylcholinesterase 
activity (1 U) versus time. One microcurie of [14C]sodium bicarbonate 
and a 30 mM acetylcholine solution was used as substrate. Test vials 
were incubated for 15-min intervals a t  3 7 O  after which [14C]carbon 
dioxide production was quantified. 

Bactec R301, Johnston Laboratories, Cockeysville, Md. 
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(10) F. Bergmann, F. B. Wilson, and D. Nachmansohn, Biochem. 

(11) F. Bergmann, I. B. Wilson, and D. Nachmansohn, J.  Biol. Chem., 
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Abstract 0 The microbial metabolism of 8-(3-carboxy-l-methylpro- 
pylamino)-6-methoxyquinoline (II), a known microbial and mammalian 
metabolite of the antimalarial drug primaquine (I), was investigated using 
selected organisms. Streptomyces rimosus produced a single metabolite 
that was identified as an amide derivative of I1 (V) by spectroscopic 
methods. The amide (V) was synthesized by ammonia treatment of the 
methyl ester (IV). The lactam derivative (VI) was also prepared by 
treatment of I1 with N-ethoxycarbonyl-2-ethoxy-l,3-dihydroquino- 
line. 
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The utilization of microorganisms as models for studying 
mammalian metabolism is a concept that has been advo- 
cated as an aid for future metabolic studies (1). Recent 
studies with phencyclidine (2) and imipramine (3) have 
shown that microorganisms do produce the same metab- 
olites as mammalian systems. Primaquine (I), an anti- 
malarial drug, has also been subjected to a microbial 
metabolic study since little or no information has been 
reported regarding its mammalian metabolism (4). The 
two major microbial metabolites identified were the car- 
boxylic acid derivative (11) and the N-acetyl derivative of 
the primary amine (111). In parallel studies, the mamma- 
lian metabolism of I using rats has been studied, and I1 has 
been identified as the major mammalian metabolite as well 

k , R  
5' 2' 

I: R = -CHzNHa 
11: R = -CGH 

111: R = 4HnNHCOCHa 
IV: R -COaCHs 
V: R =-CONHI 

(5). The tissue distribution of I has been studied, and even 
though substantial evidence indicated that I was rapidly 
metabolized by the rat, no mammalian metabolites were 
identified (6). Having microbial metabolites as reference 
standards for conducting mammalian metabolic studies 
can be useful. The purpose of this investigation was to 
study further the biotransformations of the major mam- 
malian metabolite (11) of primaquine using microbial 
systems. 

RESULTS AND DISCUSSION 
A total of 60 microorganisms typical of those used previously (3,7) were 

used in the screening of 8-(3-carboxy-l-methylpropylamino)-6-meth- 
oxyquinoline (11) for microbial metabolites. Of these, Streptomyces ri- 
mosusl was chosen for preparative scale fermentations, since TLC in- 
dicated complete conversion in 3 days to one major metabolite. Other 
microorganisms showing this same metabolite as determined by TLC 
were Streptomyces flocculus2, Polyporus sanguineus3, and Fusarium 
oxysporum f. sp. cepae4 although large amounts of 11 were also present 
even after 7-10 days. 

Incubation of 300 mg of I1 with submerged cultures of S. rimosus for 
4 days and extraction of the entire culture with ethyl acetate resulted in 
700 mg of ethyl acetate solubles. Chromatography of a 400-mg sample 
of this residue using preparative layer silica gel and alumina plates re- 
sulted in the isolation of 18 mg of the pure metabolite by TLC and HPLC 
(overall yield, 12%). 

The 'H-NMR spectrum of the metabolite showed the aromatic protons 
to have nearly the Same b positions and J values as reported for I1 (4). The 
spectrum also confirmed that the methoxyl group and the secondary 
methyl were present. This suggested that the biotransformation had 
occurred in the side chain. The mass spectrum was consistent for 
C15H1902N3 (M+ 273,1070) and showed significant fragments at mlz 215 
(51%) and 201 (loo%), further confirming that the aromatic nucleus had 
not been transformed (4). The IR spectrum indicated absorption at  3400, 
3510, and 1760 cm-l. The 13C-NMR spectral data (Table I) was nearly 
identical to that of the methyl ester of 11 (IV). The collective spectroscopic 
data suggested the microbial metabolite was an amide derivative repre- 
sented by V. This was confirmed by treating IV with methanol saturated 
with ammonia in a sealed tube at  140'. The product of this reaction was 
identical in all respects to the metabolite (V). No evidence of the lactam 
derivative (VI) was noted in this reaction, although VI was noted as a 
product of heating IV in the gas chromatograph (5). Attempts to prepare 

1 American Type Culture Collection (ATCC), 23955, Rockville, Md. 
2 ATCC 25453. 
3 ATCC 14622. 
4 ATCC 11711. 
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